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METHOD OF PATTERNING A SUBSTRATE 

FIELD OF THE INVENTION 

[0001] The invention relates to a method of patterning a 
substrate. In particular, the invention concerns a method of 
patterning an Indium-Tin Oxide (ITO) film substrate. 

BACKGROUND OF THE INVENTION 

[0002] Substrates are frequently used in many electronic 
and telecommunication devices, such as computer chips and 
mobile phones. Substrates can be made from conductors, 
semiconductors, superconductors and/or insulators, and the 
composition of the substrate is usually determined for their 
suitability for a particular application. For example, ITO has 
a high electrical conductivity and good optical transparency. 
These properties make ITO highly suitable for use as trans- 
parent conducting electrodes in flat-panel displays, organic 
light -emitting diodes, and solar cells. ITO may also be used 
as a sensor for detecting toxic gases. Such applications of 
substrates usually involve etching into the substrate a 
desired pattern required for a particular application. 

[0003] Several methods have been proposed for etching 
substrates, including ITO film substrates. 

[0004] A method of etching an ITO layer on a substrate is 
proposed in U.S. Pat. No. 3,979,240. A photoresist corre- 
sponding to the desired pattern is laid on the ITO layer to 
cover or "mask" portions of the ITO layer. The substrate is 
then immersed in a concentrated solution of hydrobromic 
acid to etch the unmasked ITO. Another method is proposed 
in U.S. Pat. No. 5,171,401. A plasma containing methyl 
radial can effectively etch the ITO film substrate. Selective 
ion reactive etching is also proposed in U.S. Pat. No. 
5,138,664. These methods suffer from the use of certain 
solutions and/or gases which are harmful to both users and 
the environment. 

[0005] Laser etching of substrates has also been proposed 
because laser etching does not require photolithography, 
harmful solutions or gases. One method of laser etching 
proposed is "dry laser etching" where the surface of the 
substrate is ablated directly by a laser to pattern the sub- 
strate. Dry laser etching is described in several articles, 
including Yavas O. et al, High-Speed Maskless Laser Pat- 
terning of Indium Tin Oxide Thin Films, (1998) Appl. Phys. 
Lett. Vol. 73, No. 18, pp 2558-2560; Yavas, O. et Effect 
of Substrate Absorption on the Efficiency of Laser Pattern- 
ing of Indium Tin Oxide Thin Filtns, (1999) J. Appl. Phys. 
Vol. 85, No. 5, pp 4207-4212, and Yavas, O. et ^Substrate- 
assisted Laser Patterning of Indium Tin Oxide Thin Films, 
(1999) Appl. Phys. A69 (suppl.), s875-s878. As discussed in 
the first referenced article, dry laser etching has the disad- 
vantage that shoulder- like structures are formed at the rim of 
the laser irradiated spot. The formation of shoulder-like 
structures can be attributed to the surface tension gradient in 
the molten material near the rim. 

[0006] Another laser etching method is proposed in U.S. 
Pat. No. 5,057,184 and Lu, Y. F. et al, Laser-Induced Etching 
of Poly crystalline Al 2 O^TiC in KOH Aqueous Solution, 
(1996) Appln Phys. A62, pp 43-49. This method is called 
"wet laser etching" as the substrate is immersed either in an 
inert liquid or, in an aqueous alkaline or acid solution. 

[0007] In the case of wet etching with an inert liquid, 
laser-induced sonic cavitation of the inert liquid is used to 



etch the substrate surface. However, wet laser etching using 
an inert liquid is limited by the need for the substrate to have 
suitable physical properties for this wet etching method. 
That is, for the substrate can be effectively etched, the 
substrate must be able to absorb the laser energy, have a 
finite melting temperature and must not sublime when being 
subjected to heat from the laser energy. 

[0008] In the case of wet etching with an aqueous alkaline 
or acid solution, a laser-induced chemical reaction is used to 
etch the substrate surface. The disadvantage of this wet 
etching method is that material may be etched at inappro- 
priate locations, even at room temperature. 

[0009] In addition, both wet etching methods result in 
residue or contaminants from the etching process remaining 
in the solution, and so can be potentially re-deposited on the 
substrate, causing an undesirable etched pattern. 

[0010] Furthermore, a method of laser cleaning an etched 
substrate has been proposed in Zapka, W. et al, Efficient 
Pulsed Laser Removal of 02 jxm sized particles from a Solid 
Surface, (1991) Appl. Phys. Lett. Vol. 58 No. 20, pp 2217- 
2219; Imen, K. et al, Laser-Assisted Micron Scale Particle 
Removal (1990), Appl. Phys. Lett. Vol. 58 No. 2. pp 203- 
205, and Tam, A. C. et al, Laser-Cleaning Techniques for 
Removal of Suif ace Particulates, (1992) J. Appl. Phys. Vol 
71 No. 7, pp 3515-3523. These references propose a steam 
laser cleaning method. A laser is used to irradiate a con- 
taminated substrate with a liquid film deposited on the 
surface so that the film evaporates to carry away particulate 
contaminants from the substrate and does not involve ablat- 
ing or etching the substrate surface. Laser fluence and the 
number of pulses must be deliberately minimised in the 
method to prevent any damage to the substrate. In addition, 
the function of the liquid film is to enhance cleaning 
efficiency of this method. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a method of pat- 
terning a substrate according to a predetermined path, said 
method including forming a liquid film on the substrate 
surface and directing laser energy from a laser through the 
film to etch the substrate surface, wherein etched material is 
carried away from the substrate surface via evaporation of 
the film during said etching. 

[0012] With the present invention, the formation of shoul- 
der-like structures at the rim of the laser-irradiated spot can 
be effectively avoided, the etching rate is greatly enhanced, 
and the etched materials can be carried away to prevent 
possible re-deposition on the substrate. In particular, the 
laser energy induces sonic cavitation of the liquid film to 
etch the substrate. Thus, etching and patterning quality can 
be greatly improved by the method of the invention 

[0013] In the context of this specification, the term "liquid 
film" means a relatively thin layer of liquid with a thickness 
of micrometer scale. 

[0014] After laser patterning, the liquid film is evaporated. 
A dry substrate with a desired pattern can be observed. 

[0015] Preferably, the liquid film is formed on the sub- 
strate surface by jetting a liquid vapour onto the substrate 
surface. The liquid vapour is preferably composed of water, 
alcohol, inert liquid or non-reactive liquid. In a preferred 
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ABSTRACT 



An apparatus and method for selectively removing undes- 
ired material from the surface of a substrate provides a flow 
of inert gas over the undesired material substrate surface 
while irradiating the undesired material with energetic pho- 
tons. The invention enables removal of undesired material 
without akering the physical properties of the material 
underlying or adjacent the removed, undesired material. The 
invention can be applied to produce changes in surface 
topography (including nano-stnicturing and surface 
planarization). 
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[57] ABSTRACT 

An apparatus and method for selectively removing undes- 
ired material from the surface of a substrate provides a flow 
of inert gas over the undesired material substrate surface 
while irradiating the undesired material with energetic pho- 
tons. The invention enables removal of undesired material 
without altering the physical properties of the material 
underlying or adjacent the removed, undesired material. 
Removal effectiveness may be enhanced by utilizing polar- f 
ized energetic photons. Directing a laser beam to the back 
side of a transparent substrate may enhance the effectiveness 
of removal. 
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[57] ABSTRACT 

An apparatus and method for selectively removing undes- 
ired material from the surface of a substrate provides a flow 
of inert gas over the undesired material substrate surface 
while irradiating the undesired material with energetic pho- 
tons. The invention enables removal of undesired material 
without altering the physical properties of the material 
underlying or adjacent the removed, undesired material. 
Removal effectiveness may be enhanced by utilizing polar- 
ized energetic photons. Directing a laser beam to the back 
side of a transparent substrate may enhance the effectiveness 
of removal. 
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[57] ABSTRACT 

Electron-beam projection-exposure apparatus are disclosed 
that allow a mask pattern to be transferred to a sensitized 
substrate without defects. An apparatus includes an electron- 
beam scanner, housed in a vacuum chamber, that scans an 
electron beam over the mask. As the mask is scanned, an 
emitted-electron detector senses electrons emitted from the 
mask at a point of contamination. The contamination is then 
removed from the mask by a mask-cleaning system, after 
which the mask is used for exposing a sensitized substrate. 
The scanner as well as the mask-cleaning system are housed 
in the same vacuum chamber where projection-exposure of 
the substrate are performed. Thus, the mask is not exposed 
to the external environment during inspection, cleaning, and 
projection-exposure, and inspection, cleaning and 
projection-exposure of the mask are performed more rapidly 
than conventionally. The mask-cleaning system? which can 
utilize t alaser beam oralocally delivered feacnVegas; cleans^ 
the mask at only the^pomts of cdtitamination, rathercthan the 
entke/maski^ 

38 Claims, 3 Drawing Sheets 
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